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Abstract : 
Apoptosis is a regulated programmed cell death which plays an important role in cellular homeostasis. Dysregulation of apoptosis has been implicated in a variety of human diseases including cancer, autoimmune and neurodegenerative diseases. One of the features of apoptosis is permeabilization of the outer mitochondrial membrane, resulting in the redistribution of apoptogenic proteins such as cyt c and Smac from the mitochondrial intermembrane space (IMS) to cytosol. The mechanism by which cyt c or Smac exits through permeabilized OMM has not been fully elucidated. Moreover, in many situations, redistribution of cyt c and Smac is not precisely concurrent. Previous studies on potential differential redistribution of these two proteins have not always provided consistent results, possibly due to the use of different cell types, apoptotic inducers and techniques to investigate the movement of cyt c and Smac from mitochondria. Techniques most commonly applied to examine differential redistribution of cyt c and Smac are immunocytochemistry, western blotting and live cell imaging using fluorescently tagged proteins. Each of these approaches has advantages and disadvantages: immunocytochemistry involves laborious scoring of individual cells in microscopic field; western blotting measures the onset of the redistribution in population of cells; limited number of cells are available for quantification purposes in the live cell imaging, particularly in real time studies. Here we present a high throughput quantitative technique using flow cytometry, a technique that was initially developed by Waterhouse and colleagues to measure solely the release of cyt c from mitochondria. In our study, this method was further developed as a multiplexed system to analyze at least two mitochondrial proteins during apoptosis. Flow cytometry can be used to measure many thousands of cells under conditions of optimized parameters, representing an effective and reliable method to quantify differential redistribution of mitochondrial proteins. Adherent cells are first trypsinized before analysis. The principle of flow cytometry involves selective permeabilization by digitonin of the plasma membrane, followed by double immunostaining for cyt c and Smac with appropriately tagged fluorescent secondary antibodies. Digitonin treatment enables cyt c or Smac present in the cytosol (following redistribution from the mitochondria) to diffuse completely out of the cell and thus not be detected by fluorescent antibodies. On the other hand, cells that still retain cyt c or Smac in mitochondria generate strong fluorescence signals in either case. Assessment of the differential redistribution of cyt c and Smac is based on the positioning of fluorescently-labeled cells within the specified boundaries in the flow cytometry analyses, which are set using appropriate controls. The flow cytometry method described here can be employed effectively and rapidly to quantify simultaneously the redistribution of cyt c and Smac from mitochondria to cytosol in a variety of immortalized cell lines. 
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